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ABSTRACT 

Disclosed is a method for manufacturing, without the use of surface OH groups, 
a supported metallocene catalyst by reacting metallocene compounds having 
an alkoxysilane group with highly reactive siloxane groups, which are produced 
when supports are dried as in Reaction Formula 4. at a high temperature. 

By using this method, supports having a much lower amount of surface 
hydroxy! groups could be used in order to eliminate the various side reactions 
caused by hydroxy! groups. 
<Reaction Formula 4> 
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(54) Mlirgfll g*Xl isOH s pip oisa gaipi wa 

g age o^a A | ai£^| B oi b oilifSfiy ^0H« S II 814=01 2JCH AH HE32J OHJIg OlSSfe SOI 

onjEr ys^j 4a- 201 ^goim ass w fessEi ygsoi e *m&pi§ oigsfoi gxmm ^§°s & 
□. 

01 aSl Olgor^ HS2I SmiE^^^I SOI ^51 SfB SXIIB OISS 4= Sin OIS BJSH SrOIE^&PIS 
2J6H BriSafe D el ¥Slg§ JOS 4= 2iD. 
&Jg&J 4 ... ..... 




CHEE 
E1 

SAIIA1 

E^9J 2} 9 eh 

E 1g H£2I SrOIE^SPIfif ^OH°l IrSE£r2l EAIS- ESOICI. 

Sf92l gum M% 

W%0\ ^51!= J\£ 3! □ ^0121 SBtUls 

s ass gf^Ai g^Pis £I2ie°i a »gon ab mm&& ^ohh sisaoi e w^uib HSOII 

)UIH 21 S= SillSl &}gAI9i if XI =OHS fll£5fe SrSIil 01 g OlSel SfllS Sir &SOII £1°} 2tOICI. 

197613 ^Sl°l 3r°!^5>ini4^ ^£ID||figr?Olfe§ ?g Jr4= S8H6K)) 2§ 0H§Sf?Dm&.KMAO) SfSi 
8 5*0HS MS SI 2 XI = 3E^iCllS£f0IE slUlS ^OHS AfgslOl §2115! e&OII AhS» 4= 2igi 
£2 oratCI (A. Anderson, J. G. Corde. J. Herwing, W. Kaminsky. A. Merck, R. Mottweiler, J. Pein, 
H. Sinn, and Vol.imer. Angew. Chem. Int. Ed. Engl. , 15. 630, 1976). 01 ^SSI eOH = 

xiaa-u.B ^mj\ ^zim ^ sas= *^mm mm m&m soi ?d. ^, yjaa g&m°i sat* sspi § 
n. ggsoi soism se§* m 2 bi^ii°i gs^i ^mmu. e±si ^oh°i siz^eb aaAis gxufoiu 

SIS §E« IISS3II ^SrAI^ oiU£f ^0H9J SXf HHiUaOII (USf SHJ1I2I SJXII fcisiSS 58 

m ^ siD. oi a mmm sn? xiea-UB ^ohs mm 4= sjsis ahss ugxrs *rsefe 

i'S §01 ?2!2 CH UQ\D\ 2^01 2^61^ MaCHS =^XI1 HI Sir 4= Sife S£ 301 ?2IO. OlSle) 01 
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Ti-h; KJ\ *^UhUil LhSL' t2"r-'l « Si <->l UI^FUl Al -li Xi U . 

S£IO)iai!!§ g&Sfe SSS SS, §^ g§, ^BiEl SS, 3>l& gWt ^ SiD. 01 a eh S 

SS AfS6f2 sjOHEl DUSSd! ^DHS CHXI8H2W 5|fe E30I 01 ^01 II 2 SiD. 31 # SSOIU ££| 

Z\ 33011*1^ &1S3|0| B?l SSIS fcSifSfa SCHAI3PI ?ISHA1 ggt»l2l £Jtt S&OIU 1S3I i!E« £ 
S6H0I 6HZ XI ^3°! §31 ?ISHAi s&fllJf S*g:>l°l ^ 3 (HI S£l Mfe Itfgg SIS SH^SHOt SD. g 

s?i sjes s3fAi3is meg sum mutw wmM mm nn\ sxiioii sxiAia ai§sioi oias 

0I??£ Oil^Sd! ^DHS 3 get 21 S10II &XI6l3b E30I QgfSMI 01^01 SSD. 
Dll&Sd! ^OHS 3X1615= S°l SILfe S^AI USKJI2I- 2WIH EI2IE2I eh ^SOII 21 
tHIitSti! SfaaS aSSKM 01 S|S^I« OISSIOI «BI^2I OH3I2I SfSf a&AI^ gXISfe 3J0ICUR. 
Jackson, J. Ruddlesden., and D. J. Thompson. J. Organomet. Chem. 125 (1997), 57; B. L. 
Booth, G. C. Ofumme, C. Stacey, and P. J. T. Tait, J. Organomet. Chem. 315 (1986), 145; m 
5\ 293815S). 01 2¥ 0I2H Stg&l 12* a 8 S^OII WBi Ul\3l2i OhOlM 0ISSD3 SAIoHa SI 
Q. S?S| 29381 5321 5^ 110IIAi 15fiS S3 S1SA1 EE32J olOIE^y^l gJOl 0.5-50 mmol/g. 
Hoi 1-20 mmol/g, Q W3S|8$lfcr 1 .5- 1 0 mmol/gS 31X13 £8 AtgelCIIQ Pl^olJJ BID. 



\ 



nau oiWhs°i ohjim oisskm sxitf ra asm as oia ?m ^ygoi * sickd. j. 

Cardin, M. F. Lappert, and C. L Raston, Chemistry of Organo-Zirconium and-Hafnium 
Compounds, John Wiley Song 1986, 962*). 

lJ o — \ <— 

Cp 2 ZrCI 2 + ROH — CpvZrCKOR), Cp 2 Zr(OR) 2 , CpZr(OR) ? 

013^ SISOI SXIfll OHDI2f SXISte OUBS*" ^0H2FE SOIfe? ^SOI Oiae ^ 

em Oil 2I6H &XI£! 3iS gif BiSif M £^0H°J ^¥01^011 S6HEICH UI ^fe^Oi 24 CH 

sxii 7- opia ^ 0 ia& sisoii 2t6H ^oh^^b ^oh^ n^if^f cm m& 

e ^se- Ha oil oh^i^ ^^i sxiig oissoii s an oia j\x\ ^a§i ^ai^j sii ^schi 

5101 CK ^£|3^g H^OilAi 2!2Eol0 m\^mtdJ\Jl fll^£t^A1 OrEH BIS^l 3^ as 

^i^ ^aaa. 200-500 °c2i a?^ ^^i m^i ^ o\o\^^j\j[ m 

^aoi &is&oi ^^fi^i^h saau 600 tc oi^s m^a^i oias smiE^^ 

aSJQ (l.-S. Chuang and G. E. Maciel, Journal of American Chemical Society, 1996, vol. 118, 
401). 0\2i HOI 600 C C OI^OIlAi 2d^301 ygSOl E ^^^Ul^ 0^ 32\ ^01 ^ h ^AI ^ 

&J\2l SISsfDc 5101 en £I^Cf (J. Blumel, Journal of American Chemical Society, 1995 vol. 
1 17, 21 12,; L. H. Dubois, Journal of American Chemical Society, 1993, vol. 115, 1 190). 



^ Si -° H ^ 0 ^ Si \ 0 E.OS.(CH,) 3> ^Si-OE. 

Si-OH Si 
/I / 



Si— OSi(CH,)j 



e W gg o^a A | ^a^|g oi fe ffli^gyi s&OHB SUSfeCII 9i0\k\ 53°! OH^Ig OlSSIfe SOI 

OIU^ etS^ 4£h 20I 28CHIA1 >!5& OH ^§^01 a 4i^fc.^l» OIS6I01 &XI&S *S2£ S 

D. 

oi oissis H22i sioie^^^i aroi ^si snis OISS * 2J2 01 S 2J 6H olOIE^^^IS 
£JoH gi^slfe ^SISS Hl^ft ^ 2JQ. 

SIS 44 4 

! [Q>— ! S •••••>'•• , _..;,-.,,!:. 

Si— x ~2ji o' 1 I 



men 01 ziAi 01 Xfg 

i— 1 c ^ I To 3>c — * o 



o j> +■ Kto- 
/ 
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B ^Si & Ail 61 ^£o^ UMif HU. 

^ a soil Kmm - g^Ai 3nm sii= ^oh^ 1^2? sq. earn e&oii 

e SOIfe 8PI (SEL^ 2) Efe (USJ*J 3)9^ OI^CH*] ^SMOilAi R 3 , r\ B §0)1 Sib aP^OI 3 
OiE 6fU OI& 8PI 1)2* »E aCI^S JlSS a&MOID. 

R' 

I 

— Si-OR? 

I 

R' 

01 ^1 Ai , 

Rb ^± eiClif, Eh£*£ 1 CHlAi 20JHS gfli &Q^. OH! ^0\M EfCI^, 0H!iM 

e^ asa acia, 1-20^ ^sa s^ai aat*oi:n, 

R 2 fe 6kfc3= 1 Oil AH 20?H^ =?^S ITU SfCliL Ofi! cUDI,\ ^OH EfCl^ f EfCIUOID. 

^ bj-AI 2 



am 



(C B R m )pBs(C 5 R^)MQ^ p 



(C 5 R 3 a) 

<; 



>1—Q 



ouiai Mg ive soi^om, (c 5 R^)at (c,r je 212121 r 01 am ^± ami a. &±=£ 1-20JH 
^ 01^01*1 ^ci^, s^iy z\um, irncm yci^, omiriJ £hcitf, owiE^m^ xi&a 14^ 

3^21 OIII^OIE cUI^OiZHU Efe Ol^ofe ¥ E^£!IPf 6K)IE^3H! ^CI^OII 21 SH 4-8 
2} 21 HdlM E^ MK)l#^B!BDOIiy Eb Xl&£! MhOI S^ei EhCI Oil ^ EI21E0IH. 

&±h\^ 1 -4^ ^as i^ea ^ci^. ci^^^ai^ e^ ;m = ofe, ifu s^s e^ o^ee^ ^a 
a ^ JH2i MFOiM^eyecioiiy sizie e^ MMisseiBCioiiy Ei2iE£NRV y i atfoii °\m ^o\^ 

r~ moiE^zi! amii*. 1-20^ oi^oi*] ita^, s^y Emit*, om aci^. ^uom ef 
□ a. oussjh apioiu, 

Jb VA^ SrfcOIIMU VIA^ gJrirOIH, 

Cfe 2|2| 1^2! EKII^OI^U, 1 -20PH^ 0!^Oi*i ^ Z\C\m, if?iiy EtDIL OH! 

smii^, i^om acia, oms^s amnop-iu e^ e^ 1-20;^ ^sa eici^oih, 

LB ^Ol^ SUIOIQ. 

sfe OOI^U 10IH pi= 0, 1 , Eb 20ICK 

p^^ OOI^ OOlOlOtom, sl\ ]m Wi 40IH, OOIS mS 50ID. 

J2I ^X\J\^^ VA^ S±0I| OH 3) Ai ^ 30IH VIA^ S±0II THoHAi^ 20ID. OOI^U 10ID. xJ\ 001 
3 501 H 1 OIH O^D 3D. s^l- 1010 y8 201 2 wfe 001 D. 

g ^SOII ^ OUBSfi! -^0H2J CHH^2J 3de°l OIIAIShB H 13fSD. 01 

aog aaafe 28 o^d. oi^iai oh^ai^ e^ oh^aioih ng 1 -2001 j\^d\u. 

0\Zim a^AI ^&.^i;F 2^fe OllifSfl! ^OHfe R- Jackson §(R. Jackson, J. Ruddlesden. and 0. J. 
Thompson, R. Whelan, J. Organomet. Chem. 125 (1997). 57; B. L. Booth. G. C. Ofunne. C. 
Stacey, and P. J. T. Tait, J. Organomet. Chem. 315 (1986), 145; ^ mm 29381 5S)0II 2I6H 

u\9i aoi i^Ai M&i\m sib M^isssyacioiiy ei^ei mi m^^\o\ ^^m mo\ 
sa» ^> si2u § ch eoioi>ii^ oioi «a sasi a^iy e^ s^rypi* 21 ^ oiisstf! asi 
sfoiE^aioitf ^soiiai sas ^ sid. 

S Oil Af§3fe &Xil^^ 2S0IIA1 2J5EICH S3 Oil SJSaOl E ^£M5 ^ M§e! 

?sii2|os ( ji^o\\k\ a^a aa^K sjei^-if^oiu ^si3KOomAioi- eoi A^gl ^ an, oig 

8 g^Sjog Na2 o t K.CO,, BaS0 4( Mg(NO) 2 §21 ygi, ^^3. i^g S^OI ^ 2i 

D. g ^S2I J\Q ^SE 01 SxilM HS0IIA1 E^ SPI, ^IlilM 13? 

3A1 ej^afoi sai H021 mn\ohJ\m noma hsoii sieaoi e a^uis ?nm ai^ 3ie ot§5i 

8 3J0ID. 25 soo *c 01^01 bH,^8^D. H22I OH^|Q| g{g £IE^ ^§4=^ g^LF E^ OhOI 

1 Hl^Sfe 58 g^^E^ OigQh OH^I2l SOI 0.5 mmol/g 0\o\J\ ti\E*\$\U. HS2I OH^I^I 



->j -x- o> r: i-i t: i i -jl 3c Hthw ^ aji ni x xh 5t a oin ~)A zk ^ All xt^TrL^ ot^l-Ol hl 

u in ^ n_ t —i — /\t i_: , i_: _l_ o> «=a cr> Ull ^-l uit _j_ ^ s "t- mui. j_ -r- vn l_ »_ ui »_ — i _-i - ■ 
C^TIAJI xl. AH ^rL t— HkQ^AI =) AI^AH! 1 - td ^ tU 



I0PI 9\m SXIOII SOIofe y§SOI E y^iiUlfe SEoFSAi 01 OH^Ig ^sjxjoc 



! EN 

sail 



I C3 S ~T" - 

&PI§[ ^ OH 21 SJilS E^AI31 SXI ^OHM HI^&D. 01 UH §0H^^ nt}, 2! 3 at 1= 8 Xl^^ &sf 4=± 

gOH t a^-Vl, ¥±EJL\ ^8 E^^^ §0H, CI^S^QII&Ilf ^8 g^^Xfg Zl^& E^^± gOH, 

□ OH^OIIEfls. THF21- ^8 Oil Ell = 311 §0H. OIIAil^, 0il^OUilEi!OI^ § CH^^2I ^ ^ ^E 



U, ^ci, sier, m^F^, usssuiibui j\& ^otu. suti ^ui s^ai^ simMu au. £!s Si 
i= SMI §5f30 EOHAi g& 150ESHI JHsSJD LH XI SMI 100EJI H^5|8fD. SJSAI2! SAITOH 5= 
BIS SOHS 0\m\?\U 38f §#AI3I XHJI8I01 UCHS AJSS 4= SlU 12Sf^ 5^20°^ fiElot 
01 Afg» 4= SID. 

OIIOI Xlli&h SXI ^0H« t\J\ mm^i 4, fiJ«!*! 5 Efe= iiy^ 69i UEHH!= §imm 2|2t2J 5th§!01, 
Ei= 0IS2I ^iflif 3 TNI 5^0HS AhSSKH saiffiSI SSOII 01 S» * HQ. 

-[Ai(R 5 )-o] a - 

0UIA1 R 5 ^ ffiS2i! aCISJ, Sf±4= 1 LH XI 2021 6I0IES3JS! aQS Efe SS2!!2S X\&& B±4= 1 LH XI 
202I M^OI2 5|2|o] R 5 ^ Q g ^ oiq a - 2 0lfef9J S^OIQ. 01 fcJS. 

§i£^ SXH PKsSlD. 

ojdJAI 5 

N(R 5 ) 3 

0\J\k\ N° Sf^Olfe HEOia, R 5 fe £M (gi^^ 5)CHI Ai §21*1 bhSF M, 33H2I R ? b 2*2} H91U DH 
£ SID. 

m 21*4 6 

[L-H] + [NEJ Eh [L] + [NEJ 

OUIOHAi LB IS Eh ^01^ d^OIIl Hh ^± gJXfOlffl IMS ^JIsH &2I 13^21 Ml B 

s^oi^m Hsoia. Eb 6 lhxi 2021 o\m aaus e*cia, 1 lhxi 2021 smi 
ES9fgi, i^ai. mmxi £id^. §4r. 21, ^ u ti± &xm sssife 1-2021 m\sm.dm z\u 

U §01 OH 01 & XISS 51012, 4PH °l Eh A1S I^ILI- □« 4= S!Q. 

( ^d|Ai 4 ) S uDwxih aH38°i wife oiiys^omy, oiia8f^om£L oi±¥SS?om£}. ^ns* 

?D|^y SOI SID. 0^41 5)21 gfU §f SI 21 OllSh M£|DHH^0lfe. SEIOIIlS^OIs, M 
dl0l±¥a&^0lH, gdIHggl'fOlH, ^"sjo^oiis, ClOHUgSSSfspQIs, SEIOIrtHSHSf^ 
Olfe, MBI-s-^SS^OIfe, MEIAhOISSBISifPDIfe. MEieoaS^DIfe. MEIOI:fc@!Bi^0lfe. MSISJ 

y^^oia, oh^cidhh^^dih, oil mu mm s^dih. saiaiy^^oiH, sEi-p-BHi^oiH, Dom 

SfPOIsOllfSAlE, ClOliaa^DI&OII^AIE. SEIOHl'SE, M£IOIiasa. MdlOli^lSg, EEIHSHS 
E, a?|Sg soi 5§BD. (2121*4 6)21 SHfs2l OllSh ^ElOHH^SDSEIimEHHiyeE, MEI^l 

^sugEiissnHiyeE, sEicwggfEUgEiie&niiiyaE, gangggrsusgigentiiyag, meidiii 

gfEU3EHMEKp-BH)S^, M£| CHI1 &SLIgE)ISEKo,p-DO|llii||y )Bi ; 

Ma?il8feU§E||Sa(p-E£|SSS[HlBffliy)HE. MEIimilgfSUgEIIESKp-MEISSSOIIlBliyjH 

g, M£i¥Hasu§Eiieem!Q«s£B«was. n,n- ciongoi^siusEiiedmiyas, N,N-cioiiam 
yaiasaiMBMHiyHS. N.N-cioiiaoiaausEiiMBmiDsssniiwH^, aoiiaasusEiiMEisyDs 

SSItliyaE, M£|lHiy2^SsEj|^£miySE. ^£IOIIiS±SHEI|Eyn||yHE, edlOlll& h EL|gE]|E 

EHHiwa^ois, Ma^aasusEiiM£nmya?oi&. eaongaausEiiMaiiiiysr^Dife. ^di°sa 

& h SU§E||M£|]I||y^¥0lfe,ME|[}|ia^eueEII^2.Kp-Si!)i ; k ^QIs,M£|nS^^EUSE||M£Kp-S 
g)^^OIs. eaongof^LiggissKo.p-Qioiigiiiiyjo^oi- M£l¥g&SU§E||MEKp-M£ISSS 

ona]niu)tt?oi&. Maona&susEnsaKp-MasssoiiaHiwjB^oife, eai^aaeusEns^ffl 

DMSSffliy^POIs. N,N-D0II^Oiy£ID§EI|eEHB|ya^Ols, N,N-aOII§Ohy £IUgEHS£Hj||y ^ 
^OIh, N.N-U0liaOfy£IUSE||MEH5!B5SgffliyafPOIs, □OliaaSUSEIISEHSjBSSSWiySf* 

oife, MaBiiy5^5&EiiM2naiy»*oife. Maonas^s&aiMEniiya^Dife. ^dion^^susEiie 
Enaiysf^oiM. M£i¥gasugaiM£Hiiiyo^oiH, MEioiiaasu§EiiEenaiyeE, s£iH^g^2 
ueaiMEmiyeE, e£ioiiigfEU§aiM£Kp-s^)HE, Mdi5gigfsugais£Kp-Ba)eg, sei 
oiiagfsusEiiMSKo.p-aDiiaBiiyjHs. E£ioiiaasusEiiMSKo,p-DoiiaHiy)eg. mei^h^e 

L|gaiMEt(p-MEIMSSD|iyitliy)BE, M2J0||iaeUSE||MEKp-M£IMSS0liaB||y)a^. SE|«g 
S2USE||MEt?!!BSSSniiye^, N.N-DOIIgOiyEIUSEIieEHiiiusg, N.N-D0liaOiy£IUSEfle 

EnaiyeE, N,N-cioimotyEiugai^^e!!DS^gniiyHE, □onn^sueQisEiEyDsssfliiye 
m, ^Einiiys^5s0iMEHtiiyeE. ^Eiitiiy?iaug9isEKp-sEiss£oiianiiy)sE, ^.z\m\ddi$> 
usae£n«!B«££]Biye5 §01 siq. 

fe^l^ &XI ^OH£f 5^QHS AhgShOI S21ISI31I S If flll Xil5S [ffl Af§Elh gDHb S±^= 5 LH XI 1221 

xi&^ &a=f=± soh, mm m& ee, a?^. ty&, ty, cii^ as oiaei oianwisi s^su. aiaiBt as a. 1 

§s Ef§l =^4: SOH, □MSSDII&. MS£2i!£!!af US S4:S!XIS XlSE! &a ^± §OHPI 2t2j Afgi ^ 
■S12 OIS§ S 01^ £S6h01 h[§m =^E SID. 

^3i sxi ^OH£i s^ohs AhssKM is ?nse» saisiai 0^jii2i oiiefe on a so. S3I5!. AI0IMN 
saia soi SI201. oie 2^n 01^ ;ixi^ si^ uen eaisiJii e^rxii e^ ^Eiey saiffl?ii b^mi 

SE ssi PrSSrD. 

fe^i B^ni2i oiisifr onaei. Hs^eu. i-^a. i-eei. 4-ona-i-5«Ey. i-aiai. i-uei, i — ai *y . 

1-SQId!. 1-EBI4H. l-aiMEIOIAii, i-aj^QI*!!. l-OIOI3iU. EStL', tSUDSO. 0111' Eiatsy!, biy 

teyj, DAioissHiBDeo. 1,4-^DDen, i.s-aiEioe!!. i.e-sjAiaes. >:Eiey. sfm-Diia±Ei@!. □ 
biyensi. 3-g^^oiiy^Eiei soi 21201 011 b^his is oiy s&sks gist ^ sid. 

SSS 25 LH XI 500 'C S?I2I 8E §i 40 LH XI 800 psig S?I2I 2,^ Oil AH ^S6KJ1. 011^ Sid! 1^21 1 LH 



Al 30000 UH S=£2I i^UHS SPIotte £01 tilifSJofP. S gJSOII 910\k\, SjUH, 5^DH, SOH SI Efifjl|0| 

£ai sy pgj ±k\^ s?asi msaii afcrP. ^, &pi m\ mm zmmm mum sohoii 
skm eirst 4=e an isa g>§ urn oil tii mm * g g&s Mh\m 4=e sip. oiiui saaife ^ohsi 5 

^OH£l §OHB 58IS * S3IE! £M8K)II 2|gS g£2l 2*3 Oil A1 B^e} * SEH6IPm PS! MSI 01 314= 

act. eg a ygaife saie sroi oiiui m&m as »B2§ ^ sip. 

01 oh UAIOIII §6101 g ^gg CH^ OHAISIXIS* g ttS2j 0 || ±JA|0j|Cll SloKM'fllSEI 



^OH HIS SI eSOII fflfiS S?PI A|°'2 r gOHb Aldrich A|£h Merck AlOllAi ^£J6101 Eg B JS2§ SA1ISI 
3201, CilHeyg Applied Gas Technology AI2I 2±E Hi ^? £16101 4=g Si tt± 0121 Sxll S2IAI 
£J m SthorS°W, ^DH trS. &XI SI 2^ EUIIOIIAI §PI£r 4=g°l S^i »BSI01 feJgoj IH g 

£8 feSCt. fi£j 2gXI£l ?II«g JJg 1*^ 3SOI£H£HI|g(GPC : Gel Permeation 
Chromatography)©^ SfSSiaP. ^IMHI §21 5AI0II *St * 21 feESSPIPl ^SfS Waters 
Ah^l 150 V J\mm Al§6101 SEI^EI^ H£A|g°l ^UW^eS 3i^B ^ SS1£! H^ATS g§HAI€J 
* ^88iaO.' ^DH2l ?2i m°l5V\ SI §H Ai 270 MHz Jeol 5»XIPI§SPI (NMR) 01 U 300 MHz Bruker 

mmssn (nmr)s oigoioi cdci 3 §ohoii ^01 gap. sxi a?0H2i sxiss icp 

(Inductively Coupled Plazma) gtS°g Zr gJS =§6101 i^OiyJD. 4!£I3I 2321 SrOIE^IiDI gfg 
J. J. Fripiat£l J. UytterhoevenOI Journal of Physical Chemistry, 66, 800 (1962)0)1 ^H§[ &SCH^ 
MeMgIS *!§6101 ?»5SP. 

a) Sf^AI 41&3II 315! ^DH2I 



200 m SEJ±30II 9-S|fl!-1-S 10.36 gll IIl£|gP2!!w5yg^dlOIE 24.11 g£l LI Oil I! Oil Ell 2 
200 ml y(M 9 <dirP. 01 M£r^3« Sf -10 "C XHS50II ifPl SEf it ^±H3 JJS P|^2| 4. 

vmmm 353.5 g§ 01 =eoiiai ^ 10^011 333 ssoi son gt=p. -15 *c — 5 'coiiai 21 30m as* a 

□ . □ * Ol §^8 *l I§1 200 mOII SfeP. OIIEIIsgs g« » HHP IS 28* 01 51 Ml ¥4= 2b!Q\n\4\ 

aoi 4=^s %D]ma. omisioi oom^s npism g^g 200 m +1^3 sai^aoii &oi as 

513 e#?IS Oil Ell m^SIOl e?^12I Sejjg £fifgS g^CI. 01 IllfsOl 4-||«a M£|^30ll ^4= 
THF 120 mil ^feD. HS50II 01 M£l^3a SHU NaCp (2 M, THF) 62 mil ?APIS «feD. 
Sg Xl?7J ygfJIIAI °* 3-5AI2] i«JSD. OI3iS 1 gQIPIOII 52 S 200 m as ^ 

200 ml ^OH S&Sra ^J\mm SEP. S?I#0II ^4= SyDIDUI^l yOH e{ 2|2| a?l« almoin 0121 

ofoi mt} omui^s ai^efD. as si a sn:>is §ohb d bi?i&d. 2*21 ic^ej oh^ g§ 

=^ St^QI OISS g^oia 0.2 torrOHAi °| 55 'COIIAI ±4=s[ ^'Aliy MI0ISSe!PP2y Sli^s 9.643 
gS mm 4= S!P(^^S 65 %). 

250 m 41183 S£l^30IIAi ?I0IIA1 tllAliy MF0IMS5!lBPe!! 9.643 gll THF 100 mi yfeP. 01 
51 0IA1IS-E£I0I010I± -78 'CJHI s £B mgj s aofSISAI ^APIS n-¥l£|g (2.5 

M, 9J6fSS!!) 26 mil tfOISD. A1A16I &&mi\ SBIJJ felEOIIAI SAH a«^D. Inorganic 

Synthesis 1982, vol. 21, 135011 ^SQHS ZrCUSl^g^^B ZrCl a (THF), 12.26 gS EdIOl 

s^OilAi S if 51 01 500 m 41^3 #£1^3011 ^1! ESIOI ^^(HIAI ^yi * 01 PI Oil ¥4= S^21! 200 mi a 
!=P. COIIAI &AH S&! THF ^SOIlAi §51 KOI ZrCI, (THF) 2 PI 1CH S!b S^21! g^HI 

&P. s£i 50-60 "C£ 5101 01 5III§ 3gJ2i aaitJD. SEE 40 'C))HI ^£ * 5Jg2£ 2^ gOH 
fi XllPl^P. ¥4= SSIW20 mi gTJ °f2l PISSKM ^SIS ^OIJJ E?18 ^ EH CHI Ai g3| g^giOl 012IS 
P. 0\Hm §^S 5Jg @HS PAI j|^s^ §|ah jj^qi gisib SltrsM 4* SiP. 

65 %OIP. 

H' NMR (300 MHz, CDCI3) : 6.27 (2 H. t, J = 2.6 Hz), 6.18 (2 H, t. J=2.6 Hz), 5.77(1 H, ddt, 
J = 7.5 Hz), 2.1-2.0(2 H. t, J = 7.5 Hz), 2.1-2.(2 H, m), 1.6-1.3(4 H, m); 

''c NMR M±i (COCIo) : 138.6, 134.9. 116.7, 114.5, 112.2. 33.4, 30.1, 30.0, 28.5. 



?I0IIA1 iaS [CH 2 =CH(CH ? ) 4 C,Hj 2 ZrCI 2 1.28 gS EEIOI ^^OIlAi SifSlOl 100 m 4IS3 M£|±30ll 

tffeD. E£IOI ^±OUk\ m mm^l 5 mi ^2 aajSISAI S££P0IIS4<6r' 1.2 ml tffeP. 

H.PtCle OI±M£&S (0.1 M) 20 ml ^JJ S|^ §21 ^SOIIAI m^otp. 2= gOHB HI 

mti 100 mi aOH SfZf PH6I01 MS SOI S §§HEMI SfP. EP1g ^EHOIIAI 0121612 01215} § 

™§ asnioii a oh 6i^2i axisia s^i use ^ sip(^^s 90 %). 

'h NMR (500 MHz. CDCI S ) : 6.27 (2 H. t. J=2.4 Hz), 6.18 (2 H, t. J=2.4 Hz), 2.60 (2 H, t. 
J = 7.5 Hz) 1.7-1.45 (2 H. m), 1.45-1.1 (4 H, m). 0.85-0.75 (2 H. m). 0.37 (6 H, s); 

''C NMR g-y (CDC!.,) : 134.3, 11C.6, 112.2, 32.5, 30.3, 30.0, 22.3, 18.3, 1.6. 



9I0IIAI [CKMe^Si-tCH-J.AHj.ZrCI, siSM 1.63 gOII M£I0II^2 = £5 = 0II0IM 4.7 ml ^CH S 

aaiolS 01 PI Oil ¥^AICI 3 5t I mgS PIJIIPI ^^6101 SlgOl 5IHJ3P. °f 2AI2i'FIS PI XII S^OI 

S§Q. 3S SHS Was 2ife tae 2? IO§} $ 30 m ai^i aOH ^2JP. 012lef * S!S B5g 



suns Ancients .a Ail atsitT^s i .ou g, bo v°).v\ sui^U. 

'h NMR (300 MHz. COCI,) : 6.27 (2H. t, J=2.7 Hz), 6.18 (2H, t. J=2.7 Hz). 3.62 (2 H. q, 

J=7.2 Hz), 2.60 (2 H. t. J=7.5 Hz) 1.7-1.2(16 H. m), 1.16 (3 H, t, J=7.2 Hz). 0.65-0.45 (2 H, m) 
0.06 (6 H, s): 

,: C NMR gi! (CDCI 3 ) : 135.1, 116.6, 112.3, 58.1, 112.3, 58.1, 33.1, 30.2, 30.2, 29.0, 23.1, 18.5, 
16.3, 0.37. 

4=§ §31011 Grace Davison 948 MZ\3\ 2.0 g^ SU6KM &m lindberg AJ0IIA1 Hl£°i HU^OIlAi 

* SEE &S0IIW gg 7 °C*I S3 800 1C3JHI S£I2 01 EE01IA1 21 A)Z> ^JeJD. 3S 200 

'C, 400 t, 600 "C dl AH ^2.1315 23E£D. 

c) m\ mw 22 

b) 0H« 253 4J£l3h« ESfOI Oil AH. 4Hf§H SEI^aS ^ 388101 XHtiiD. [(EtO)(Me) 2 Si- 
(CH 2 ) e C 5 Hj 2 ZrCI 2 mm mttOH ^21 §^ (£E : 37 mg/m)8 BhaH 01 g°» 3.6 ml (2.0 mmol) £[ «j 

30 mi gbD. 01 ^ EH £1 H 18 AI2* S°t £|#&j^eta. ajAfs xjg Ugfog g = Sf0) 01 & 

xi ^0Hg ^ai axis oi§oK)i H^eye sons aissioi 2^2 ^eaioi 1&011 211 sxi ei 

XI SS ^OHg 2^ JOSQ. H 2CHIAH >!£ 8E0HI 0}^ SXIgS S 210. 

d) mm 

c) 0IIA1 XHI££! 9X1 ^OH 100 mgS EdfOI s^OIIAI ggfSKM SB &S7I0II 98 * e»S3IB HS6I01 E 
BhOI ^OIIAH tdCK 01 &1S3I0II SXHIel ^dil 200 mlH y2 AkzoAKHIAH iH&OII 2!b fe^OI 

MMAO-3 (6. % Al) 2.0 mS Si=Q."80 *C &E50IIAH. 5 g# * m%&m 40 psig'21 S§?81 

Oil ?SJSQ. 01 SE 2J30IIAH 1AI2 1SSCI. &1S3I0II OII&S 5 ml g k£0\ SSSD. SB 

SHI 80 'C*!§ E^OIIAH 23ESI01 SS!D. Al£|3h 25 SEOII CUE M2J012I S, &gE, M£|D| 

21 gXm g5i H 1011 S 4= £!□. 

y*s2i am 

H Ife ^ £.1 5 h ot 2d£SE£f amiS^^'^l SIU2I &JII £j 01 KH 2012J 9X1 ^ OH 5.1 &I|g 31 tSSSI 01 

bxi ^dhs ^oi5i mz\a\°\ sxm &j ^atf ^ei eoisa. 



[HJi 



( l c) 


OH 

mmQl/q 


Zr % 


SSIDIgJ 
q 


KqPE/Zr * h 


Mw 


Mw/Mn 


200 


11.8 


1.1 


6.7 


0.56 


3?!4500 


3.37 


400 


0,35 


1.1 


8.7 


0.73 


328000 


0.63 


600 


0.54 


0.98 


13.6 


1-2 


192000 


2.79 


600 


0.35 


0.85 


13.7 


1.5 


189000 


2.64 



2J5 SE3I £§4=^ DUBOIS ShOIE^3l SfOI BOHEfe 3ds M 4= H32I 6[0IE=^3I SOI B 
4=1= SXI^E 2f2J ^±mU 3 3301 gib 518 mOIEliy 31 £f2l SfgOII 2J5HAH ^OH?h SXI §! 4^ 2i2 

u stssoi e ±m&im°\ ysai 21 sh ai e ^XI3^ ?^ss a 01 ^moia. e ioiiai m 4= at ui 
£i 301 aoiE^fti^ia gfoi siS4=^ soisi mwm°\ gtoi afoma tstJi e^si^ as swi 

E^^pioj u|g §K)f ^oHb OII^S CHS ¥^SSOII 2I6H P s h E ¥§01 SIXI SbClb 311 21 

oisra sichs amtnm 2iaii sxi a as ¥&soi ^oi :h^^ &s§ hoi^ 5ts eoi?3 aa. §mi 
e^^^^i^i- ^m^m mm^w ^m°\ n&m ss axuf gsi aoib 3«e «^t.uioii 21a sxi 

sj soHfe Sofe EgfCHS S0^ Sl°U SIOIE^^^IOII 2I§H SIIS ^OHfe ¥&1S0II 2ISH ^OlOi DS& § 
EHS ^6H Sl§§ A) AhehQ. ^ H 1 if E IS S ttS2l ISS ^S2! 5|0IE^4J?I3I ZfH &1§&0I g 
^fclPIB PIXI2 2Jb Sill! OISSKM S^AI ?fXI2 S!b OIIBSd! ^OHS KH 3IE2I 6101 

E^iJ^ia o\§m m sd ss£2t ^xt^ gsciiAi eeq\ 9imm eoi aoiD. ^ai aoiE^^^iei 

SOI ?gsa] 293815011 k\ Ji\mm 0.5 mmol/g OISI^ KH S^S »SE31 ^CHaEI2 Mw/Mn 01 SJXIgiS 
eOt§S 8f 4= S!D. 

(57) 9^21 S¥l 

S^g 1. 600 'C OI^OIIAI 25AI31 HSOII 2.^^01 g ^*6I5I1 21 i= ^!£I3H &=AI 

s ^5! mms& mmzi a.^Ai5i ^£I3K»i sxia Dii&siy ^ohb hi as. 
s?&2. sam§ sssfe arson sicHAi. 

600 'C OI^OIlAi 2J5AI3I HSOII &.^SOI 5 *J^t.»3|g 3IXIH 2J^r ^£1311 ^^A| ^^?IS J\E Mi 
54Li ^0"H£t Sj§AI5«1 £01 Si Eui ^Oiii AtSlfg sgos g fe gajni gif ^S. 

S?© 3. XII 2S0II £i(HA1, 

5i?i aeiy 2 e^ aei&j 3°s uEiuioixib oiiifsa! assei r\ r', b sei 4^± yaaoi sioie sf 

LI 01^ 5131 m&±\ 1S UEILHOIXI^ £fDi?S Al&£! aSslI HS01I y§aOI 5 31X12 2! 

b SHIi &ISAI31 22 gm i8 g X! Sf3 gjbiAi 4 g uEILHOIXIfe 3111 5^0HS AIS6I01 



gj bj-Aj } 

R' 

I 

R 1 

01 31 At 

r's= ^± Bcitt i chi Ai 2o;hs ^sa sra Emit?, om acia, vmm &un. ommu l\Q 

It 5Eb EhCIlt B±<$ 1 -20JHS if^AI ZiO^0\H, 

R*fe 1 CHI Ai 20?H£ 9 SI EiUV. OH! ElCISf. ^M0\U BlCIlt 0\M^m EtCI^OIQt 

gjdhAI 2 

(C f R 3 m ) p B s (C f R ; ,,)MQ3-p 




01 } I At 

m§ ivb aois^om, 

(C<R..)2( (C f R : r ,)g ^2fO| R 3 0 | DE ^± aOS, S±4* 1 ~20?H^ 0IP0151 S^S! EJQa, Sl^g 

ElClit Oti! EKIIlt SUOH* E1CII?. 0H!^&! Emit SfOIESSIUS IISS 14* 3^°l 0IISS0IE z\ 
□ aOI^U Efe OlSSfe ¥ e±SXKn 510IES31SI EtU^OH °l SH 225101 4-82*21 2EIS M10I 

Msei&cioiiy a&s Mhoieseiaaoiiy eizieoi2, 

Bfe= &±AHs 1-49HS S^ei El CI It CISIJ^Eie Efer ?1I = 01h, g?lJ S±5! SEfe= OI°J°S ^ 

S£! ¥ JH2I MlOISSffilBCIOIiy EI2iE SEfc M10lg£E!BCIOIiy EI^E£1JR U : .„B g<F? SSMXI 2I6H 
C1EI0I2. 

r^ *± Etciar i~2o:n^ oi^chji sju Emit s^y Eiciit on=' Eiciit s^'oiiy Emit 
2tn i^>m cm ifsay Eicufoum. ei±* 1-203HS oi^oh Emu. sf?«y Eiciit om 

ElCllt S^OH! El CI It OHJiflJ ElCIIfOi;HCl Efe &±=> 1 -20PH^ ^^E! SfHEIS! ElCli?OI2, 
l_g ^014: §21012. 

sfe ooum 1012 pfe o, 1 ei= 2012, 

p21 OOI0 sfe 00I0101 5f2, s?! Illm8 40ICH0I §12. s2l 0010 mg 5012, 
zfe J°l £jXl?14=^ VA^ S!±OII CHoHWfe 3012 VIA^ a ±011 CH 6H A1 fe= 2012, 
xi= 001X11 1012, 

x2f 0010 ng 5012 yfe 1012 OSD 32. 
s?l 1010 ng? 4012 yfe 2012 wte 00101; 
gJ 4 

-[AI(R')-0] a - 

01 21 At 

R'b El CI It Eh±=£ 1 LHXI 20SI 610IES31IJ S1CII? Efe tf£2!!E£ XlSE! 1 LHXI 202I 

§miE£9HJ £1CI^0I2 2f^2| R f ;f ^3HU □! 4= 2IE01. 201^21 8*0101, 01 al&gg SB, 3 
S Eh: g/AJS°5 EIH PteShD. 
S^iM. HI 3&CHI giOHAi. 

feOI Si^' 2S UBUCHJIfer aHhS2) R : Si B21 121 ZILms. Xl&E! ^g}s2J 

S?S 5. M 4SCHI 2iCHA1. 

^31 m&±i 2£ UOLHOIXIfe §HH0l sb 0. pfe 1 £! sf*H2! gfg. 
S?i6. XII 2ifOII 2JCMA1. 

6121 ii&l^ 2 Efer SSI&J 32S UEHHOiXIfe WlifSd! §H. h l s R J . R 4 . B S°l *± £fD^OI »0iE 

u oife 1 §121 asi&i 12* us dicii^ xiea ass at hschi yssoi g *j^dj?ia 2fxi2 sife sxiib 

^SAI^ 5I&S SII ^QHS St2 8^61 5S LIEILHOillfe S9g§ 5^QH^ AISSIM SffllElS S 



0-7 




Ri 
I 

R' 

(C 5 R 3 m ) p B s (C 5 R 3 m )MQ3-p 

(JR'fTy) 

°!UJAI 5 

AI(R f )o 
OUIAt 

R% m&±l 40IIA1 S£|Sh hj£|. ^ 2 3 ; H o| R ; i= 2^ ^ m q= ojq_ 
S?»7. HI 6&0II £iCH Ai, 

&j\ sew 2s uamoiiife assa r j §j sm&i 121 apas xi&s a&gs »a. 

8?SB. HI 6S01I 210W1. 

a^i giHjxi 2 a UEVLUCHXIfe SftfsOl sfe 0. pfe 1 S! §fgfS2! Sfffl. 
S?S9. HI 2S(HI SiCHAI, 

5^1 aej±i 2 ££fe aa>ii 3°s ublhoui^ miifsa! sms g r : , r. b §°i =s=± sici^oi sjoie §f 
u oi& 6\j\ sivm is uEUHCMiib acisfs lies stsrsm neon ygsoi 5 umt^m mm si 

b StgAI31 2!B §HHI &II =DH£ ®H gju^Aj 6 og UBLHOUI^ SUSS 5^DH£ AtSSKM 

saias iSBife 

R' 

-f-o, 

(C,f4) P B s (C,R JMQ ? _ D 

^b|AI 3 
,(CsR-n) 

GUlAi, gJ^*! 1, iJet*l 2, S! 38 HI 3S0IIA1 SSIe!- ^offl; 

gj ojAt 5 

[L-H]*[NE,]~ [L] + [NEJ 
0UIA1, 

g& £;= soi^a ^oi^ sjioih ^moiffl, 

Ng ^J|^H yq| 13 s %± t 0)11 S3 a^DlsHh SiOlI], 

Efe 6 LH Jl 20°| QIM If 5 2! ftCI^, 1 LH XI 20°l 6fCIE^5>Fii, if^AI, ffll^AI l\ 

□ M±. 21, » S! &h£ §JIH 2 Safe 1 -202I 6KJIES9HJ yciif §01 1 JH 0I& 31 

012, 4JH2I E^ Ai^ a^U DM 4^ SID. 
41 V S 10. HI 9&0II 9lO\k\, 

mj\ gojAj 2 ^ UEUHCHXI^ SHtM21 r" ^ b;» &DI gjy*{ 1°l ftCli^ XI &9 !fSs£! as. 

11. H! SSOI! fflOiAi. 
&UI EJ«!^ 2^ UBLUCHIi^ SHH0I 0. 12! 2\mm°l Q^. 

E3 




o-s 



ESI 



1 .6 

~ 1.4 

^ 1.2 
o 

1 ' 

o 

5 0.6 
>. 

:=■ 0.4 

o 

< 0.2 



MS 



0.35 0.54 0.85 
0H2f (mmol/g) 



1 .18 



